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PREFACE 


In  accordance  with  the  Protocol  signed  in  Washington,  D.  C.,  on 
28  Mar-ch  1977  by  the  co-chairman  of  the  U.  S./USSR  Joint  Working  Group 
10.05  "Building  for  Extreme  Climates  and  Unusual  Geologic  Conditions," 
representatives  of  the  U.  S.  participated  in  a study  to  the  Soviet  Union 
during  the  period  19  June-7  July  1977.  The  U.  S.  representatives  were 
Professor  M.  E.  Harr,  Department  of  Civil  Engineering,  Purdue  University, 
West  Lafayette,  Ind.,  and  Mr.  W.  C.  Sherman,  Soil  Mechanics  Division, 
Soils  and  Pavements  Laboratory,  U.  S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  Miss.  The  primary  purpose  of  the  tour  was  to  become 
acquainted  with  the  use  of  centrifuge  and  large-scale  modeling  tech- 
niques employed  in  the  design  of  foundations  for  structures  \inder  static 
and  seismic  loading.  Preceding  the  visit  to  the  USS’'  lessor  Harr 
and  Mr.  Sherman  visited  institutions  in  England  and  to  obtain 

background  data  on  centrifuge  testing  technqiues.  Following  the  visit 
to  the  USSR,  Mr.  Sherman  visited  Japan  to  review  current  work  on  centri- 
fuge testing  in  that  country.  Information  obtained  in  the  various 
countries  is  summarized  in  this  report. 
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STUDY  TOUR.  ENGLAND.  FRANCE.  RUSSIA.  AND  JAPAN 
CENTRIFUGE  INSTALLATIONS  AND  MODELING  TECHNIQUES 
IN  STRUCTURE  FOUNDATION  DESIGN 
19  June-T  July  19TT 


Introduction 

Purpose 

1.  The  following  report  pertains  to  the  study  tour  conducted  by 

Professor  M.  E.  Harr,  Purdue  University,  and  Mr.  W.  C.  Sherman,  Soil 
Mechanics  Division,  Soils  and  Pavements  Laboratory,  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  during  the  period  11  June-7  July  1977 
in  England,  France,  and  Russia.  It ^also  covers  Mr.  Sherman's  visit  to 
centrifuge  installations  in  Tokyo,  Japan.  It  we^^the  primary  objective 
of  this  study  to  become  familiar  with  centrifuge  installations  and  model- 
ing techriiques  employed  in  the  design  of  foundations  for  structures 
under  static  and  dynamic  loading.  In  addition,  attention  was  to  be 
directed  toward  construction  methods  in  seismic  areas  and  the  eveiluation 
of  various  technqiues  that  have  been  anployed  in  this  regard.  To  be 
added  to  these  objectives  is  the  information  to  be  gained  from  the  expo- 
sure to  new  (if  not  different)  engineering  methods,  needs,  and  proce- 
dures. It  is  believed  that  all  the  objectives  were  amply  satisfied,  and 
the  could  be  characterized  as  an  unqualified  success.  It  is  hoped 

that  the  following  comments  can  affirm  this  assertion. 

Schedule 

2.  The  schedule  in  chronological  order  was  as  follows: 

a.  13  June  (a.m.)  - King's  College,  Lo/idon 

(p.m.)  - Imperial  College,  London 

b.  lU-15  June  - Cambridge  University 

£.  17  June  - Laboratoires  des  Fonts  et  Chaussees,  Paris 

d.  20  June  - NIIOSP,  Moscow 

e_.  21  June  (a.m.)  - Fundamentproject,  Moscow 

(p.m.)  - Hydroproject,  Moscow 

f.  22-25  June  - Baku,  Azerbaijan  SSR 
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£.  22-29  June  - Erevan,  Armenian  SSR 

h.  29  June-2  July  - Tbilisi,  Georgia  SSR 
2-k  July  - Kishinev,  Moldavian  SSR 
5 July  - NIIOSP,  Gosstroi,  Moscow 
k.  8-13  July  - Tokyo,  Japan  (Mr.  Sherman  only) 

Attitude  and  conduct  of  Russian  hosts 

3.  Except  for  the  confusion  as  to  our  scheduled  time  of  arrival  at 
Scheremetjevo  Airport  in  Moscow,  all  subsequent  events,  meetings,  and 
activities  were  conducted  under  friendly,  professional,  and  extremely 
hospitable  circumstances.  The  initial  difficulty  was  due  in  part  to 
last  minute  changes  in  Aeroflot's  schedule.  However,  even  though,  at 
the  time,  "not  being  met  at  the  airport"  and  its  consequences  were  quite 
traumatic — subsequent  events  amended  this  early  experience. 

U.  We  were  accompanied  on  our  travels  by  interpreters  Katrina 
Ivanova  Suslova  and  Anatoli  Alexandrovich  Vashilevskii . The  latter,  in 
addition  to  serving  as  part-time  interpreter,  also  made  hotel  and  air 
reservations,  set  up  meetings,  and  paid  the  bills.  In  accordance  with 
the  terms  of  the  Protocol,  they  did  pay  all  expenses  for  the  study  tour 
once  we  made  contact  in  Moscow.  There  is  little  doubt  that  the  success 
of  the  tour  owed  much  to  the  special  efforts  and  ability  of 
Mr.  Vashilevskii. 

5.  Another  factor  that  greatly  contributed  to  the  success  of  the 
study  tour  was  that  contact  within  the  separate  republics  was  made  at 
the  highest  engineering  level:  that  of  the  Directors  of  Gosstroi,  who 
hold  the  official  rank  of  ministers  of  their  republics.  In  concept, 
he  is  much  more  powerful  than  a Commissioner  of  Public  Works  in  the 

U.  S. , as  there  are  no  private  works  in  the  USSR.  The  word  "Gosstroi," 
itself,  even  when  used  in  restaurants,  improved  service. 

6.  Travel  between  the  republics  was  by  Jet  (Tupelov  13^*,  15**, 
Yak-Uo)  and  very  comfortable,  indeed.  At  each  landing,  we  were  met  by 
two  or  three  high  ranking  engineers,  generally  with  one  at  the  deputy- 
director  level.  They  then  acted  as  our  hosts,  guides,  and  contacts 
throughout  the  visit  in  their  respective  republics. 

7.  In  addition  to  the  engineering  meetings,  visits  to  construction 
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sites,  power  station,  hydraulic  works,  and  field  prototype  teats  (see 
below),  there  were  numerous  cultural  excursions  to  museioms,  ancient 
churches,  and  general  sight-seeing  tours.  On  several  occasions  we  were 
guests  at  rather  lavish  banquets.  In  all,  hospitality  and  friendship 
(with  best  wishes  for  more  between  our  countries)  were  the  bywords. 

Visit  to  England  and  France 

London.  U.K. 

8.  The  visits  to  King's  College  (Professor  R.  E.  Gibson  and 
Dr.  Dick  Bassett)  and  Imperial  College  (Professor  A.  W.  Bishop, 

Dr.  P.  W.  Vaugheui,  and  Professor  N.  N.  Ambraseys)  were  intended  to 
learn  more  about  "what  we  might  expect"  and  "what  we  should  look  for" 
in  Russia. 

9.  Gibson  suggested  that  we  try  to  see  their  soil  mechanics  labora- 
tories. "We  are  well  aware  of  their  theoretical  developments,  but  what 
testing  have  they  performed?"  He  also  suggested  we  look  into  consolida- 
tion of  sands  and  sample  sizes  related  to  their  offshore  studies.  Pro- 
fessor Gibson  showed  us  his  own  laboratories  and  the  work  he  was  doing 
with  models  of  "sand  islands"  to  be  built  in  the  North  Sea.  Professor 
Gibson,  in  accordance  with  previous  correspondence,  was  invited  to  visit 
and  lecture  at  WES.  He  indicated  that  he  would  do  this  in  October  or 
November  1977.  We  also  met  with  Professor  Bassett,  who  has  five  pack- 
ages available  for  testing  at  Cambridge. 

10.  Professor  Bishop  suggested  we  look  at  "creep  testing"  in  Russia. 
Mr.  Ambraseys,  who  had  visited  Russia  several  times,  said  that  he  had 
heard  that  foundation  liquifaction  may  have  occurred  in  Kishinev  as  a 
result  of  the  March  1977  earthquake.  The  eaurthquake  was  vinusual  in  that 
very  violent  ground  motions  had  occurred  at  large  distances,  up  to 
280  km,  from  the  epicenter.  He  recommended  that  we  inquire  about  the 
"shake  table"  work  in  Tbilisi.  He  had  heeurd  about  it  but  had  not  seen 
it  himself.  He  also  suggested  that  when  in  Kishinev,  because  of  its 
proximity  to  Rumania,  we  pay  special  attention  to  the  effects  of  and  the 
damage  resulting  from  the  March  1977  earthquake. 
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Cambridge,  U.K, 

11.  Arrived  at  Cambridge  In  time  to  attend  seminar  by  Professor 
Lade  of  University  of  California  at  Los  Angeles  on  constitutive  relations 
for  soils. 

12.  Professor  A.  N.  Schofield  showed  us  his  geotechnical  centri- 
fxige.  The  machine  was  designed  by  the  late  Professor  K.  K.  Roscoe  in 
1969.  It  normally  operates  with  swinging  platforms  which  have  a working 
radius  of  m.  At  the  maximinn  rotational  speed  of  about  186  rpm,  the 
acceleration  is  about  155  g.  The  swinging  platform  torsion  bars  are 
adjusted  to  accomodate  a package  not  exceeding  700  kg  mass.  Thus,  in 
its  present  operations  it  has  125  g x 0.7  tonnes  =87.5  g-tonne  capacity 
at  U-m  radius.  The  drive  motor  is  below  the  machine,  with  the  entire 
unit  setting  below  ground  level.  Photographic  access  permits  observa- 
tions dioring  testing. 

13.  Professor  Schofield  offered  th.e  following  thoughts  in  regard 
to  Russian  centrifuges; 

a.  He  referred  to  the  latest  book  (in  Russian)  on  centrifuge 
testing  by  Yo.  N.  Malushitsky,  Kiev,  1975.  A copy  is 
available  at  WES.  He  noted  that  he  was  waiting  for  the 
new  book  by  G.  A.  Aliev  (see  below)  and  G.  I.  Pokrovsky 
(in  Russian),  which  he  hopes  to  translate.  He  also  looks 
forward  to  receiving  the  book  (also  in  Russian)  by  G.  I. 
Pokrovsky,  I.  C.  Fedorova,  and  A.  I.  Teitelbaum.  G.  I. 
Pokrovsky  is  the  "father"  of  Russian  geotechnical  centri- 
fuge testing. 

b.  The  Russians  use  "factor  experiment  planning;”  that  is, 
they  find  integrated  effects  and  then  experiment  changing 
only  one  factor.  This  calls  for  a large  number  of  tests. 

c^.  He  suggested  that,  if  possible,  we  should  find  out  about 
the  nature  of  the  crews,  the  scale  and  crudeness  of  the 
instruments,  whether  or  not  they  use  transducers  and/or 
make  pore  pressure  measurements,  whether  they  c€ui  control 
temperatures  during  testing,  and  whether  they  have  or  cem 
use  explosives  during  testing. 

With  regard  to  pore  pressure  measurements,  if  they  do  not 
monitor  them,  they  must  run  tests  for  very  long  times 
(tens  of  hours)  to  allow  them  to  dissipate  before  inducing 
loadings . 

e_.  He  suggested  we  note  the  nature  of  the  bearings  of  the 
swinging  payload  and  the  photographic  equipment. 
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£.  He  noted  that  in  Russian  centrifuges  the  drive  motors  were 
above  the  ground.  This  offered  a great  advantage  over  his 
own  apparatus  in  providing  direct  access  and  simplifying 
the  receiving  of  electrical  output. 

Paris.  France 

lU.  Dr.  B.  Pilot  and  Mr.  B.  Pincent  of  the  "Laboratoire  Central 
des  Ponts  et  Chaussees,"  Paris,  related  to  us  the  history  of  their  use 
of  the  (French)  centrifuge  for  geotechnical  testing  and  of  their  current 
and  future  work  plans.  Plans  are  developing  for  the  construction  of  a 
new  centrifuge  closer  to  Paris.  They  have  a small  1-m- radius  centrifuge 
in  their  laboratory;  however,  generally  they  use  a modification  of  the 
centrifuge  originally  built  by  their  atomic  energy  commission  (Centres 
du  Commlssait  I'Energie  Atomique,  le  Centre  d 'Etudes  Scientifique  et 
Techniques  d'Aquitance,  CESTA)  near  Bordeaux  (designed  by  Latecoere). 

The  device  (also  called  CEA)  is  operated  by  1*  350  horsepower  engines. 

It  has  a 10-m  arm,  carries  a package  of  2 tonnes  (l  m x 60  cm  x 30  cm), 
maximum  acceleration  is  100  g in  one  minute  (for  2 tonnes),  and  can  pro- 
duce a maximum  of  200  g.  Unlike  the  usual  centrifuge,  this  device  oper- 
ates on  a circular  track  at  approximately  3 m from  the  center  of  rota- 
tion. The  motors  are  below  the  apparatus.  It  cost  them  200,000  francs 
(in  1977)  to  modify  the  device  so  as  to  accommodate  swinging  buckets. 

They  have  conducted  experiments  involving  both  excavation  and  embankment 
construction.  In  addition  to  transportation  and  manpower  costs,  they 
pay  a user  fee  of  25,000  freincs  for  each  use.  They  claim  they  can  exam- 
ine 30  effects  simultaneously.  They  consider  the  device  to  be  particu- 
larly valuable  in  exposing  "modes  of  failure,"  "rupture,"  and  "phenomena." 
In  this  regard  it  is  thought  to  be  more  qualitative  than  queintitative . 

They  plan  to  reduce  the  radius  of  their  proposed  device  to  5 m,  similar 
to  that  of  the  present  Cambridge  centrifuge. 

15.  Dr.  Pilot  had  visited  Moscow  recently,  and  he  and  his  Russian 
counterparts  at  NIIOSP,  as  part  of  a cooperative  program  initiated  in 
1969,  were  conducting  tests  (separately)  to  ascertain  reproducibility 
of  results  for  a fine  and  coarse  sand.  Results  are  not  yet  available. 
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Visit  to  the  USSR 


Initial  contacts-20  June 

l6.  After  some  initial  difficulties  and  with  the  help  of 
Mr.  L.  Sell  of  the  U.  S.  Embassy,  contact  was  finally  made  with  Gtosstroi 
at  the  Embassy,  shortly  after  lunch.  Messrs.  Vashilevskii  and  Sadovskii 
met  us  and  drove  us  to  NIIOSP  (Research  Institute  of  Bases  and  Under- 
ground Structures),  which  is  the  main  "soil  research  arm"  of  Gosstroi 
in  Moscow. 

NIIOSP,  Moscow 

IT-  We  were  met  at  NIIOSP  by  Professor  G.  V.  Porkhaev,  who  is 
Science  Director  of  the  Institute  and  Deputy  Chairman  of  the  Soviet  part 
of  the  U.  S./USSR  Joint  Working  Group  10.05.  We  discussed  in  some  de- 
tail the  proposed  program  of  our  visit  to  the  USSR  and  the  scheduling  of 
Professor  Harr's  lecture  on  5 July  at  NIIOSP.  Invitations  would  be  ex- 
tended to  interested  engineers  and  organizations. 

18.  Dr.  Porkhaev  explained  that  the  Institute  was  the  main  scien- 
tific center  in  the  USSR  for  research  concerning  problems  of  foundation 
engineering,  soil  mechanics,  and  underground  structures.  At  the  present 
time  the  Institute  has  more  than  TOO  employees,  including  l8  doctors  of 
science  and  candidates  of  science  (like  our  Ph.  D.  candidates).  Of 
present  interest  are  their  theoretical  and  experimental  studies  of  prob- 
lems in  soil  dynamics  and  of  seismic  induced  loadings.  Large-scale 
seismic  experiments  on  various  types  of  foundations  are  being  conducted 
at  their  proving  ground  in  Kishinev  as  described  below. 

19.  V.  A.  Ilyichev,  head  of  the  Soil  Dynamics  Laboratory,  stated 
that  his  laboratory  was  the  leading  laboratory  in  the  USSR  on  dynamics 
effects  on  foundations.  His  work  is  primarily  directed  at  developing 
and  improving  construction  codes  and  standards.  "They  do  not  use 
models... do  not  believe  in  modeling!"  He  sees  his  group's  task  as  pro- 
viding simple,  but  reasonable,  procedures  that  most  engineers  can  use; 
for  example,  to  suggest  that  the  effect  of  earthquakes  (in  moderate 
range)  can  be  accounted  for  by  simply  considering  an  additional  horizon- 
tal force  of  say  0.1  g. 
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20.  For  piles,  they  have  developed  standard  procedures  (see  the 
Russian  Code).  They  use  only  vertical  piles,  not  battered  or  inclined 
piles,  for  seismic  loadings.  They  have  conducted  full-scale  tests  at 
Kishinev  using  vibrators  and  explosives  for  both  single  piles  and  groups 
of  2 to  U piles.  Their  procedure  is  to  apply  correction  factors  to 
static  capacities.  They  do  not  consider  liquifaction  induced  by  seismic 
effects  to  be  a very  important  problem  in  USSR — even  though  they  acknowl- 
edge its  existence.  They  consider  "dynamic  creep"  of  thin  silt  layers 

to  be  a much  more  severe  problem! 

21.  Professor  Polshin  showed  us  around  the  large  testing  bins  used 
for  model  testing  of  foundations.  Three  present  bins  are  U x 1+  x 1+  m, 

8 X 8 X 8 m,  and  12  x 12  x 12  m.  All  parts  and  panels  are  interchange- 
able, and  they  can  construct  units  to  desired  dimensions.  They  have 
conducted  large-scale  models  and  full-scale  models  and  full-size  founda- 
tion elements  (including  piles)  under  static  and  dynamic  loadings.  Bins 
have  also  been  used  to  investigate  stress,  strain,  and  deformation 
characteristics  under  various  contact  pressures  and  shapes  using  load 
cells  (based  on  work  of  Gersevanov-Posadov) . 

22.  Professor  Polshin  also  showed  us  the  NIIOSP  centrifuge.  It 
was  built  in  i960  by  Pokrovsky.  The  installation  looks  as  though  it  has 
been  around  for  some  time,  but  appears  to  be  in  good  condition.  The 
unit  is  below  the  floor  level,  but  the  motor  extends  above  the  floor. 

The  equipment  is  shown  in  Figure  1.  It  is  contained  within  the  main 
building  of  the  NIIOSP  laboratory!  In  fact,  it  was  quite  a surprise  to 
find  it  in  what  appeared  to  be  a rather  large  laboratory  room.  It  ap- 
peared to  have  seen  considerable  use.  The  device  is  not  used  for  pile 
models  and  generally  they  consider  only  bearing  capacity  problems.  Max- 
imum acceleration  is  100  g.  Generally,  two  tests  are  conducted — one  in 
the  swinging  buckets,  and  one  test  being  used  for  control.  Most  tests 
are  nan  on  cohesionless  materials  and  tests  are  not  run  for  long  periods , 
although  they  have  non  tests  for  up  to  three  hours  maximum  with  clays 
for  consolidation  as  required.  No  pore  pressure  measurements  are  made. 
The  radius  of  the  centrifuge  is  2 m.  It  can  carry  a weight  of  200  kg  at 
a speed  of  350  rpm.  It  can  produce  100  g (maximum).  Two  samples  are 
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Figure  1.  100  g centrifuge  at  NIIOSP 

always  run  together.  The  installation  is  equipped  with  an  automatic 
loading  device  and  a closed-circuit  TV  system.  They  are  considering 
building  a new  centrifuge — they  claim  they  do  not  need  the  high  accelera- 
tions they  previously  thought  necessary. 

Foundations  Design  Institute,  Moscow 

23.  The  Foundations  Design  Institute  (Fundamentproject ) in  Moscow 
carries  out  engineering  and  geological  investigations  throughout  the 
Soviet  Union.  We  were  briefed  on  the  activities  by  Dr.  A.  G.  Trofimen- 
kov,  Director,  and  his  staff.  The  Institute  carries  out  site  investiga- 
tions, including  borings  and  geophysical  investigations,  hydrogeological 
investigations,  field  tests,  and  designs  complex  investigations,  includ- 
ing design  of  construction  methods.  Because  of  the  short  time  available, 
the  briefings  were  concerned  primarily  with  work  involving  pile  founda- 
tions. The  Institute  relies  heavily  on  pile  tests  using  model  piles, 
which  are  the  same  length  as  the  prototype  piles  but  of  smaller  diameter. 
This  permits  the  use  of  smaller  load  testing  equipment  than  would  be 
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required  with  full-scale  piles.  Test  piles  are  instrumented  to  deter- 
mine point  resistance  and  skin  "riction  distribution,  and  the  results  of 
the  pile  tests  are  adjusted  for  the  incree  ^ed  diameter  of  the  prototype 
piles.  Data  are  also  available  for  the  redistribution  of  pile  loads 
with  time.  Dr.  Trofimenkov  described  some  of  the  available  comparisons 
between  settlements  of  single  piles  and  groups  of  piles,  including  full- 
scale  structures  on  piles.  These  data  are  summarized  in  reports  to  be 
submitted  to  the  9th  International  Congress  on  Soi'  Mechanics  and  Founda- 
tion Engineering,  Tokyo,  19TT.  They  have  done  much  experimentation 
with  slurry  walls,  including  60-m  diameter  caissons  with  precast  ele- 
ments. Although  the  majority  of  piles  in  the  Soviet  Union  are  precast 
concrete  piles,  they  have  been  giving  increased  consideration  to  cast- 
in-place  piles.  Much  consideration  has  been  given  to  the  seismic  re- 
sponse of  pile  foiindations . Design  procedures  have  been  developed  based 
on  analytical  work  and  large-scale  field  tests  at  the  Experimental  Sta- 
tion in  Kishinev. 

2h.  Among  the  additional  items  presented  were  various  penetration 
rigs  and  apparatus  used  for  site  investigation,  the  use  of  shallow 
"screwed-in  piles  (8  m)"  for  TV  transmission  lines,  not  necessary  now 
because  they  use  Sputnik  for  TV  transmission.  Very  special  efforts  have 
been  made  to  render  devices  mobile.  Dr.  Trofimenkov  described  a partic- 
ularly difficult  problem  with  respect  to  a very  high  TV  tower  in  Alma- 
Ata  (loess,  140 -deg  slope).  There  followed  a home  movie  presentation  of 
site  investigation  methodology. 

25.  Subsequently,  Engineer  Kanin,  Chief  Design  Engineer  of  "Funda- 

mentproject ,"  provided  more  details  about  their  pile  work.  He  estimated 
6 3 

the  use  of  8 x 10  m^  of  piles  per  year  in  the  USSR.  They  seldom  use 
anything  but  concrete.  Because  of  transportation  problems,  only  in  the 
North  do  they  use  timber  or  steel  piles.  Tliey  do  not  use  air-entrained 
concrete.  Workability  is  determined  by  sliamp. 

Hydroproject  Institute.  Moscow 

26.  In  the  afternoon  we  visited  the  Scientific  Research  Center  of 
the  Hydroproject  Institute  and  were  met  by  Dr.  V.  I.  Vutsel,  Head  tf  the 
Department  responsible  for  centrifuge  testing,  and  his  staff.  This  was 
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to  prove  to  be  one  of  the  more  important  events  of  the  study  tour  with 
respect  to  centrifuge  testing.  Their  device  was  built  in  1965  and  has 
been  used  for  both  practical  problems  and  fundamental  research  in  soil 
behavior.  It  has  a 2.5-m  radius,  and  can  achieve  322  g,  although  gener- 
ally they  operate  at  200  g.  Maximvim  speed  is  3^0  rpm.  Dimensions  of 
test  model  were  approximately  0.9  x 0.5  x O.U  m;  the  maximum  weight  of 
sample  is  200  kg.  The  swinging  buckets  can  accommodate  a vibratory 
driver  for  simulation  of  seismic  loading. 

27.  Centrifuge  tests  have  been  performed  for  a number  of  condi- 
tions: induced  horizontal  shearing  forces,  retaining  walls,  filling 
and  emptying  reservoirs  of  dams,  stability  of  soil  slopes,  seepage 
through  embankments  and  foundations,  and  piping  phenomena.  A number  of 
tests  have  been  conducted  to  investigate  propagation  of  cracks  with  time, 
and  strains  and  deformation  in  soil  slopes.* 

28.  A complete  test  demonstration  of  the  modeling  of  a soil  slope 

2 

(slope  angle  at  75  deg,  30  cm  high,  tan  ^ = 0.72  , c = 0.23  kg/cm  ) 
was  narrated  by  Mr.  Scherbina.  The  progress  was  monitored  very  clearly 
on  TV.  The  development  of  cracking  and  of  its  propagation  were  easy  to 
follow.  The  clarity  of  the  results  and  of  the  information  gained  were 
very  impressive.  The  ability  to  see  the  development  of  instability  and 
its  manifestations  is  of  extreme  value  from  a theoretical  point  of  view. 
This  ability  alone  renders  centrifuge  testing  a very  necessary  source  to 
uncover  the  complicated  interaction  of  soil  structures  under  load.  This 
simple  test  demonstrated  phenomena  never  before  reported  in  the 
literature. 

29-  Hydroproject  has  compared  centrifugal  results  favorably  with 
finite  element  methodology.  When  examining  suitability  of  some  dam 
models,  they  experimented  with  remedial  measures  in  the  centrifuge  be- 
fore advocating  solutions  for  prototype. 

30.  Hydroproject  is  a first-class  operation  with  respect  to  per- 
sonnel, equipment,  planning  and  use  of  results  of  centrifuge  testing. 

* V.  I.  Vutsel  and  V.  I.  Scherbina,  "Experimental  Investigations  of 
Slope  Deformations,"  Proceedings  of  the  6th  European  Conference  on 
Soil  Mechanics  and  Foundation  Engineering.  Vienna.  1976. 
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Mr.  Scherbina  came  across  as  being  extremely  knowledgeable.  Staff  mem- 
bers are  interested  in  exchange  programs  with  the  U.  S. , eind  it  appears 
that  a visit  of  three  to  four  weeks  by  a U.  S.  specialist  to  this  Insti- 
tute would  be  extremely  worthwhile.  They  stated  that  they  had  invited 
Pokrovsky  to  meet  us,  but  he  was  too  ill  to  come.  They  informed  us  that 
they  had  translated  Professor  Harr's  book  "Groundwater  and  Seepage"  into 
Russian  and  were  well  aware  of  his  work. 

Baku,  Azerbai.lan 

31.  We  arrived  on  the  afternoon  of  22  June  in  Baku  (which  means 
"wind"),  the  fifth  largest  city  in  USSR.  The  population  is  1,200,000 
out  of  a total  of  5,500,000  in  Azerbaijan  (which  means  "land  of  fire"). 
Baku  is  located  along  the  western  edge  of  the  Caspian  Sea,  in  the  heart 
of  the  USSR  oil  fields.  We  were  met  at  the  airport  by  Dr.  H.  A.  Aliev, 
who  was  a student  of  Pokrovsky.  Dr.  Aliev  had  designed  the  Baku  centri- 
fuge, reportedly  the  largest  in  the  world.  We  were  told  we  would  be  the 
first  "Westerners"  to  see  it.  Baku  was  very  hot  and  humid. 

32.  On  the  afternoon  of  23  June,  we  met  with  Ya.  Izmailov,  Chair- 
man of  the  State  Building  Committee  of  the  Azerbaijan  SSR,  and  with  the 
various  Chiefs  and  Directors  of  the  subsidiary  organizations.  He  ex- 
plained the  role  of  Gosstroi  in  Azerbaijan  and  of  its  special  responsi- 
bility to  the  great  oil  fields.  Of  particular  interest  in  this  regard 
are  the  man-made  islands  in  the  Caspiein  Sea  which  contain  thousands  of 
workers . Granted  more  time , he  would  have  shown  them  to  us . He  hoped 
we  would  enjoy  and  profit  from  our  visit  to  Baku  and  would  also  feel 
free  to  inform  them  of  anything  which  we  saw  that  could  be  improved. 

In  response  to  the  question  as  to  the  exchange  of  information  between 
Republics,  he  stated  that  he  met  with  his  counterparts  at  least  twice 
a yeer.  His  people  meet  reguleirly  with  others  as  the  need  arises.  He 
was  pleased  that  we  are  Interested  in  the  Baku  centrifuge. 

33.  B€iku,  ai  is  all  of  the  Caucasus,  is  in  a seismic  area.  To 
date  no  problems  are  noted  in  precast  structures.  On  the  afternoon  of 
23  June,  we  visited  the  construction  site  of  a l6-story  precast  building 
founded  on  piles.  To  please  engineers,  we  went  to  the  top  of  the  build- 
ing (by  construction  elevator);  it  was  scary  but  we  had  a magnificent 


view  of  the  city  and  bay.  Construction  work  was  only  fair. 

3U.  In  the  evening  on  23  June  we  were  taken  on  a tour  of  the  city, 
including  Metro  Station,  Ancient  Palace  of  Shah,  and  monument  to  26 
Commissars  executed  by  White  Russians  during  revolution.  We  had  a tradi- 
tional banquet  of  Azerbaijan  food  in  ancient  dome-shaped  Caravansarai . 

35.  On  the  afternoon  of  2U  June,  we  visited  F.  Z.  Musabekov  and 
AzNIISM  (Azerbaijan  National  Institute  of  Construction  and  Building 
Materials).  This  is  the  location  of  the  Baku  centrifuge.  The  Director 
of  the  Institute,  F.  Z.  Musabekov,  told  us  of  the  natural  wealth  of 
Azerbaijan  in  petroleum,  stone,  rooks,  valuable  minerals,  bentonite, 
mercury,  and  gold.  He  noted  some  major  construction  problems:  the 
world  has  12  climate  zones,  Azerbaijan  has  9 zones  (from  Tropic  to 
Alpine).  The  Institute  has  1}  scientific  laboratories — mainly  dealing 
with  rock,  ceramics,  and  soils.  They  have  a staff  of  100  scientific 
workers,  32  candidates,  and  1 Doctor  of  Science  (Aliev).  Building 
construction  involves  consideration  of  seismic  effects.  Building 
heights  are  limited  to  l6  stories,  although  they  are  planning  a 50- 
story  building  to  be  founded  on  rock. 

36.  Dr.  Aliev,  a student  of  Pokrovsky,  said  that  they  were  very 
familiar  with  the  literature  on  earthquake  design  from  other  countries. 
They  are  aware  that  accelerations  of  greater  than  1 have  been  measured, 
emd  this  has  precipitated  a crisis  in  existing  theories  among  Soviet 
engineers,  as  obviously  no  buildings  would  stand  under  the  measured 
accelerations.  They  felt  that  there  was  a greater  need  for  understand- 
ing which  could  only  be  obtained  by  observations  of  structures  during 
earthquakes  and  mechanical  modeling.  They  considered  it  more  rational 
to  study  soil  structure  interaction  by  modeling  as  they  feel  they  can't 
predict  earthquakes  yet.  They  have  used  shake  tables  but  haven't  been 
able  to  get  good  results.  They  consider  that  the  centrifuge  was  the 
best  technique  for  studying  soil-structure  interaction  problems  under 
seismic  loading.  For  this  reason  they  constructed  a centrifuge  of  11-m 
radius  which  presumably  is  one  of  the  largest  in  the  world.  The  outside 
housing  is  shown  in  Figure  2,  the  sample  pod  and  arm  are  shown  in 
Figure  3.  It  took  six  years  to  construct  and  was  finished  in  about  197**. 
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Figure  3.  Interior  of  500-g  centrifuge  facility  in  Baku 


Design  considers  the  aerodynamic  loading  to  be  proportional  to  the  speed 
of  loading.  Tests  are  conducted  under  a partial  vacuum  of  about  0.5 
atmospheres.  This  lessens  the  resistance  by  two  or  three  times.  An 
elaborate  control  room  is  located  in  an  adjoining  building.  Tests  can 
be  monitored  on  two  TV  screens.  They  have  tested  soil  samples;  however, 
most  of  the  work  has  been  done  on  soil  structiu'e  interaction  using 
models  of  concrete  constructions  (see  Figure  U).  The  chamber  is  1.5  m 
in  length  by  80  cm  wide  by  1 m high.  A maximum  of  500  g can  be  imposed 
at  300  rpm.  Two  1500-kg  samples  can  be  tested  at  a time  in  the  stream- 
lined pods.  Provisions  are  made  for  ITO  measurements  with  electrical 
slip  rings.  Dr.  Aliev  found  that  conventional  (Russian)  slip  rings  did 
not  work  well  so  he  designed  his  own.  A test  was  conducted  during  our 
visit;  extremely  little  vibration  was  noted. 

37.  In  the  afternoon  we  were  taken  on  a guided  tour  through  a new 
home-window  air-conditioning  factory  which  was  designed  and  equipped  by 
the  Japanese.  It  now  produces  800  units  per  day.  They  expect  to 


Figure  k.  Example  of  model  structures  tested  in  500-g  centrifuge 
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produce  1500  per  day  within  a year.  Afterwards,  we  were  taken  to  the 
shore  of  the  Caspian  Sea  for  dinner  and  swimming.  The  water  was  very 
salty  and  W6u:m,  but  refreshing. 

38.  Dr.  Aliev  has  written  a new  monograph  on  centrifuge  testing 
which  he  will  send  to  the  U.  S.  and  to  Professor  Schofield,  who  will 
have  it  translated  and  will  publish  it  in  English. 

Erevan.  Armenia 

39-  On  Saturday,  25  June,  we  flew  to  Erevan,  Armeniein  SSR.  We 
were  met  at  the  airport  by  R.  A.  Badalyein,  Director  of  ArmNIISA 
(Armenian  Institute  of  Construction  and  Architecture),  L.  Koorbanian 
(of  Armenian  Gosstori)  and  Dr.  E.  E.  Hachiyan  (of  ArmNIISA).  After 
arranging  for  the  arrival  of  the  baggage,  they  took  us  to  our  hotel. 

In  the  evening  we  were  taken  on  a sightseeing  tour  of  the  city  of  Erevan 
(the  monument  to  Armenians  killed  by  Turks,  2,000,000  in  1915;  the 
Victory  monument;  the  statue  of  Mother  Armenia;  Victory  Park). 

kO.  On  Sunday,  26  June,  ve  were  taken  to  see  the  Sevan-Razdan 
Cascade  Hydroelectric  Stations.  This  system  consists  of  six  hydroelec- 
tric stations  on  the  Razdan  River,  which  connects  Lake  Sevan  (2000  m 
above  sea  level)  to  Erevan,  approximately  80  km  south.  Both  underground 
and  aboveground  stations  were  inspected.  The  gradient  is  approximately 
1:60.  The  system  was  completed  in  I962  and  the  annual  output  is  2.3  bil- 
lion kwh.  In  addition,  the  water  is  used  for  irrigation.  Construction 
quality  was  particiilarly  good.  In  the  evening  we  were  taken  to  see  the 
famous  Armenian  opera  "Anush"  (based  on  a Romeo-Juliet  theme). 

Ul.  On  the  afternoon  of  27  Jvme,  we  met  with  G.  G.  Agababyan, 
Chairman  of  Gosstroi,  Armenian  SSR.  He  showed  us  a seismic  map  of 
Armenia  which  designates  regions  of  7»  8,  9 (Soviet  12-point  seismic 
intensity  scale  similar  to  modified  Mercalli);  9 is  equivalent  to  a 
horizontal  acceleration  of  0.1  g,  8 to  0.05  g»  and  7 to  0.025  g.  The 
maximum  in  Armenia  is  9-  If  in  highly  populated  region,  they  add  1 
point,  that  is,  say  for  9,  horizontal  acceleration  would  be  0.1  + 0.1  » 

0.2  g. 

1*2.  Dr.  E.  E.  Hachiyan  has  placed  and  activated  heavy  vibrators 
on  buildings  (up  to  16  stories).  In  summary  he  found: 
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Typ:  Structure 

Number  of 
Stories 

Period  of  Ambient 
Vibrations,  sec 

Velocity 
m/ sec 

Large  sto  .—block  walls 

5 

0.2-0. 3 

600-750 

Large  panel  construction 

9 

0.3-0.U 

800-900 

Reinforced  concrete 

9 

0.6 

600 

10 

0.8 

200 

lU 

1.1 

210 

16 

1.3 

330 

Steel  framed 

16 

1.35 

228 

He  also  published  a book  (in  Russian)  on  his  findings. 

1<3.  In  the  afternoon  we  went  to  the  Institute  of  Geological 
Science  where  Dr.  Aslanian,  Director,  went  into  considerable  detail  on 
the  geological  nature  of  Armenia.  These  are  active  faults.  There  ex- 
ists much  gypsum — and,  hence,  there  are  many  problems  if  water  is  also 
present.  There  are  also  many  (very  active)  landslide  areas  which  we 
were  later  shown  by  Dr.  G.  1.  Ter-Stepanyan . Landslide  activity  has 
been  generated  by  earthquakes,  particularly  along  faults. 

UU.  The  landslide  region  is  about  25  km  from  Erevan.  The  slopes 
are  very  steep  and  the  region  is  complex,  from  a geologic  point  of  view 
river  valley.  Movements  of  60  cm/year  are  regularly  recorded  over  one 
landslide  which  covered  an  area  of  50  to  6o  ha.  Road  maintenance  is 
a consteuit  problem.  On  the  return  trip,  we  visited  an  ancient  Armenian 
monastery,  cut  into  the  mountains,  and  recently  reconstructed  Ist 
Century  Greco-Romem  temple.  In  the  evening,  we  were  taken  to  an  Arme- 
nian Folk  concert. 

U5.  On  28  June,  we  met  with  Dr.  Aryatyunyeui  of  Gosstroi  and  dis- 
cussed groundwater  problems.  They  have  developed  special  aluminum  well 
point  filters,  details  of  which  were  not  available.  Standard  procedure 
is  to  use  vacuum  drawdown  for  temporary  control  of  groundwater.  The 
major  seepage  problems  occur  in  tunnel  construction  in  mountains;  some- 
times under  as  much  as  500  ft  of  rock.  In  the  afternoon,  we  visited 
Armenian  Vatican  at  Ecmiadzin,  the  domicile  of  the  Armeniem  Patriarch: 
the  "Catholicos . ” In  the  evening,  Mr.  Agababyan  hosted  a magnlficant 
farewell  party  for  us. 
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Tbilisi,  Georgia 

I46.  On  29  June,  we  flew  to  Tbilisi,  Georgian  SSR.  We  were  met  at 
the  airport  (the  most  elaborate  and  most  attractive  air  terminal  we  saw 
in  the  USSR)  by  T.  K.  Kutateladze,  Deputy  Chairman  (Chairwoman)  of  Goss- 
troi  Georgian  SSR  and  two  assistants.  They  were  to  be  our  guides  in 
Georgia.  After  checking  into  our  hotel,  we  were  taken  to  meet  Lado 
Gudiashvili,  who  is  a world-renowned  painter,  and  Koba  Guruli , who  is 
equally  renowned  for  his  metalcraft.  Both  men  were  extremely  hospitable 
and  very  friendly.  In  the  evening  we  were  dinner  guests  of  Georgian 
geologists,  agronomists,  and  city  engineers. 

hj-  On  30  June  we  met  with  I.  N.  Tsitsishvili , Chairman  of  Goss- 
troi  Georgian  SSR.  He  told  us  about  Georgia:  1,000,000  people  in 
Tbilisi;  5,000,000  in  Georgia,  Uo  percent  of  republic  is  rock  with  seis- 
mic intensities  of  T to  8.  If  they  build  on  rock,  they  decrease  horizon- 
tal accelerations  by  one  point  (paragraph  i*l  above);  there  is  also 
considerable  peat  to  be  found  in  Georgia. 

U8.  The  city  of  Tbilisi  is  in  a long,  narrow  (Kura)  river  valley. 
New  construction  will  center  around  a new  reservoir  to  the  left  of  the 
river.  They  do  have  a subway  now  which  they  intend  to  extend  into  new 
areas.  They  anticipate  considerable  seepage  problems.  Buildings  in 
Tbilisi  are  limited  to  20  stories. 

1*9.  Gosstroi  has  complete  design  responsibilities  for  all  new 
buildings,  railroads,  roads,  transmission  lines,  nuclear  power  plants, 
and  location  of  airports;  but  they  have  no  maintenance  responsibilities. 
The  chairman  conceded  that  this  and  very  low  rental  charges  could  be  the 
reasons  for  the  apparent  poor  maintenance  level  of  dwellings  one  sees  in 
the  USSR.  He  noted  that  they  can  build  better  quality  structures,  but 
they  had  decided  some  time  ago  that  the  need  was  for  providing  the  cheap- 
est and  fastest  buildings.  Each  year  there  is  a marked  increase  in 
space  allocated  per  family.  He  stated  that  the  next  thrust  will  be  di- 
rected toward  better  quality  control. 

50.  We  then  visited  the  Georgia  Geographic  Institute,  which  houses 
a large  shake  table.  The  Director  of  the  Institute,  Professor  K. 

Zabriev,  welcomed  us.  A number  of  people  sat  around  a table  telling  us 
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various  things . One  told  us  that  the  use  of  piles  has  often  been  prohib- 
ited in  Tbilisi  because  it  was  thought  they  would  cause  too  much  settle- 
ment. (This  was  a strange  statement,  later  shown  to  be  wrong.)  The 
Soviet  code  prohibits  friction  piles  in  seismic  regions  of  intensity  9. 
They  have  used  the  El  Centro  earthquaJce  records  extensively.  They  have 
used  the  shake  table  among  other  things  to  investigate  the  stability  of 
slopes  for  road  construction. 

51.  Professor  Napetvaridze,  who  does  much  of  the  seismic  design, 
stated  that  the  shake  table  was  6 x 6 m with  3 deg  of  freedom.  It  was 
activated  by  hydraulic  Jacks  and  could  get  50  Hz.  Unfortunately,  it 

was  being  worked  on,  and,  hence,  we  could  not  see  it.  They  had  no  expe- 
rience with  liquefaction.  They  are  doing  some  finite  element  work,  but 
apparently  not  on  an  advanced  level.  They  have  put  20-ton  vibrators, 

5-50  Hz  on  buildings,  but  no  results  are  available. 

52.  In  the  afternoon,  we  visited  the  Georgian  Research  Institute 
of  Energetics  and  Hydraulic  Engineering  Construction  (GrozNIIEGS) . The 
Director,  Dr.  G.  I.  Schogovadze,  described  the  responsibilities  of  his 
organization.  His  was  one  of  only  two  such  agencies  in  the  USSR;  the 
other  was  in  Leningrad.  They  had  the  responsibility  of  all  energy  re- 
sources in  the  Caucasus.  The  Institute  consisted  of  36  departments 
and  laboratories.  Of  all  energy,  75  percent  is  hydroelectric;  the  rest 
are  nuclear , coeLL , oil , etc . They  also  have  some  thermal  springs 

(30  to  100  deg  C).  He  estimates  that  the  USSR  uses  only  about  half 
its  present  potential.  They  are  presently  very  much  interested  in  a new 
arch  dam  (about  270  m high)  In  Western  Georgia;  Ingurl  Dam;  we  would 
see  models  of  dam  later. 

53.  Professor  DJiev,  the  head  of  bases  and  foundation  work,  told 
us  his  main  interest  is  in  loess  soils,  which  are  plentiful  in  Georgia. 

He  is  also  doing  work  with  soil  anchors  and  cement  stabilization.  He 
did  not  volunteer  to  show  us  his  laboratory. 

5U.  Professor  Gugidze  told  us  very  briefly  about  some  theoretical 
emd  model  studies  of  the  dynamics  of  eurch  dams.  When  asked  his  opinion 
of  the  relative  stability  of  rock-fill  dams  versus  earth  dams  with  re- 
spect to  seismic  effects,  he  replied  that  rock- fill  dams  were  better. 


19 


They  had  observed  some  seismic  activity  upon  filling  of  reservoirs.  In 
a high  seismic  risk  area  they  recommended  two  types  of  dams:  rock-fill 
or  arch. ..the  preference  is  a matter  of  economics. 

55.  Professor  Chanishvili  showed  us  two  scale  models  of  Inguri  Dam 
(1:100  and  1:30)  which  were  being  used  to  study  the  erosion  of  the  down- 
stream banks  and  channel  due  to  discharge.  The  1:30  model  was  very 
impressive. 

56.  In  late  afternoon  we  visited  the  new  stadiiom  of  Tbilisi 
(75tOOO  seats),  which  was  built  on  short  piles.  We  then  met  with  the 
Chief  of  City  Planners  and  his  staff.  In  the  evening  we  were  dinner 
guests  of  GrozNIIEGS. 

57.  On  1 July,  we  were  given  a guided  tour  through  the  newly  ren- 
ovated city  opera  house.  The  old  building  had  been  completely  gutted 
and  completely  rebuilt.  The  quality  of  construction  was  at  a very  nigh 
level.  In  the  afternoon,  we  were  taken  on  a cultural  tour  of  the  envi- 
rons of  Tbilisi,  including  some  ancient  churches  (under  repair)  and  the 
ancient  capital  of  Georgia.  The  city  engineer  of  Tbilisi  was  oxir  guide 
and  our  host  at  dinner. 

Kishinev.  Moldavia 

58.  On  Saturday,  2 July,  we  flew  to  Kishinev,  capital  of  Moldavia 
(formerly  known  as  Bessarabia).  We  were  met  at  the  airport  by  V.  Litviak 
of  Gosstroi , Moldavian  SSR  and  V.  G.  Taranov,  Chief  of  NIIOSP  experimen- 
tal station.  Kishinev  (U80,000  people;  U, 000, 000  in  Moldavia)  was  al- 
most completely  destroyed  in  World  Wau"  II.  It  is  a very  modern  city 
with  row  upon  row  of  high-rise  dwellings  interspersed  with  large  parks 
and  tree-lined  boulevards.  Foundation  soils  consist  primarily  of  loess 
which  tend  to  collapse  when  wetted. 

59.  After  lunch  we  were  taken  to  the  site  of  a future  duck  farm. 

It  is  estimated  that  750,000  ducks  will  be  processed  per  year.  The 
buildings  are  fovmded  on  bored  cast-in-place  piles,  10  m (±)  deep.  The 
foundation  appeared  much  too  elaborate  for  the  buildings.  They  probably 
could  have  gotten  by  with  spread  footings;  when  asked,  they  said  that 
the  pile  boring  equipment  was  available,  hence,  was  used.  They  have 
experimented  with  fonning  footing  foundations  by  dropping  a heavy  cone 


shaped  hammer  in  the  ground  and  filling  the  hole,  thus  formed,  with 
concrete. 

60.  The  coxuitryside  around  Kishinev  was  covered  with  vineyards, 
fields  of  corn  and  fish  ponds.  All  appeared  very  well  kept.  We  were 
taken  to  the  "Romaneshti"  winery,  where  we  were  given  a number  of  local 
wines  to  taste.  They  were  the  equal  of  the  better  wines  of  France. 

61.  On  Sunday,  3 July,  we  were  taken  to  the  Moldavian  Institute 
of  Construction  (Moldgiprostroi ) . P.  G.  Shipko,  Chief  Engineer  of  the 
Institute,  began  the  conversation  in  very  good  English.  Two- thirds  of 
the  soils  of  Moldavia  are  loess  soils  (silty-sands).  Rock  is  very  deep, 
and,  hence,  they  make  considerable  use  of  friction  piles,  generally  8 m 
cast-in-place.  For  high-rise  buildings,  20  stories,  they  use  raft  foun- 
dations. They  are  aware  of  potential  liquefaction  and  make  special 
efforts  to  drive  through  those  layers  where  the  potential  exists.  In 
response  to  our  question,  they  stated  that  there  had  been  no  experience 
with  liquefaction  failure  during  earthquakes.  Adobe  buildings  did  not 
feire  well  at  the  time  of  the  Rumanian  earthquake  of  March  1977.  Modern 
structures  showed  little  or  no  damage.  The  Rumanian  earthquake,  with 
its  epicenter  500  km  for  Kishinev,  produced  an  intensity  of  6.5. 

62.  Mr.  N.  S.  Fisher,  Chief  of  the  Technical  Branch,  took  over  the 
discussion.  He  spoke  perfect  English  (he  had  been  in  England  during 
World  War  II).  Subsiding  soils  were  a severe  problem  for  them  before 
developing  ramming  with  heavy  weights  (2-1/2  to  3 tons,  falling  to 

5 ra).  They  are  able  to  get  very  good  compaction  to  depths  of  1 to 
1-1/2  m.  Sometimes  they  ur  -*  U to  5 tons  through  6-m  drop  to  compact  to 
depths  of  2-1/2  to  3 m.  They  found  that  piles  (30  to  70  tons)  solved 
the  problem  of  saturated  sands.  They  do  not  use  battered  piles.  Their 
major  responsibility  is  the  construction  of  15-story  structures.  They 
believe  the  use  of  basements,  for  inspection  and  maintenance,  has  re- 
duced the  effects  of  earthquakes.  They  have  located  active  faults  in 
Moldavia,  although  most  epicenters  are  in  the  Carpathian  Mountains. 

They  have  prepared  seismic  intensity  maps  which  are  used  to  give  lateral 
accelerations.  They  favor  the  Chilean  construction  procedure  where  they 
excavate  material  below  the  structure,  then  drive  piles  and  backfill  the 
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excavation  with  granular  material.  The  structure  is  placed  on  the  sur- 
face of  the  ground  with  the  granular  soil  providing  a cushion  between 
the  bottom  of  the  structure  and  the  top  of  the  piles.  They  have  used 
explosives  at  the  bottom  of  boreholes  to  provide  lateral  compaction. 

They  perform  tests  at  every  site,  usually  cone  penetrometers  with 
sleeves,  and  they  often  instrument  new  structures.  They  like  to  use  box 
panel  foundations  to  reduce  seismic  effects  (this  is  like  a cellular 
basement).  The  record  of  the  Rumanian  earthquake  surprised  them.  It 
showed  small  periodic  displacement  followed  by  rather  large  periodic 
displacements.  The  maximum  recorded  horizontal  acceleration  in  Rumania 
was  0.1  g;  in  Moldavia,  0.05  g was  recorded.  Stone  buildings  showed 
some  distress,  rigid  structures  performed  well,  and  box  par-*!  design  was 
best  performer.  Messrs.  Fisher  and  Shibko  were  very  impres.  ve.  We 
were  most  appreciative  of  their  spending  Sunday  morning  with  us. 

63.  We  were  taken  to  a food  processing  plant  under  construction 
which  employed  cast-in-sltu  concrete  piles.  The  superstructure,  includ- 
ing trusses,  were  reinforced  concrete.  The  foundation  was  set  on  groups 
of  U piles.  Piles  were  installed  at  the  rate  of  U to  6 per  day.  Each 
pile  contained  7 percent  steel  reinforcement  to  resist  seismic  loadings. 

6U.  We  were  then  taken  to  the  site  of  a new  structure.  The  build- 
ing was  to  be  constructed  by  using  vertical  slip-forms.  The  structure, 
22  X k2  m,  rested  on  a raft  1.3  m thick.  The  walls  were  l8  to  22  cm  of 
reinforced  concrete.  The  structure  was  to  be  26  stories.  Another 
method,  soon  to  be  tried,  will  build  a story,  then  Jack  it  up,  placing 
another  under  it,  etc.  They  estimate  that  men  can  provide  two 
stories  per  month  using  slip-form  construction  versus  12  men  producing 
the  same  for  precast  construction.  That  is  becausd  of  less  familiarity 
with  monolithic  construction.  However,  this  type  uses  less  steel. 

65.  On  the  afternoon  of  U July,  we  met  with  Mr.  0.  K.  Lintvarov, 
Deputy  Chairman  of  Gosstrol , Moldavian  SSR.  He  apologized  to  us  for 
the  Chairman  not  being  present  to  meet  us.  He  repeated  much  that  we 
had  already  learned  about  Moldavia  and  its  construction  problems.  He 
did  note  that  30  percent  of  dwellings  in  the  republic  were  monolithic. 
According  to  USSR  codes,  panel  construction  is  limited  to  nine  stories; 


that  is  why  they  are  turning  to  monolithic  construction.  Much  of  the 
construction  involves  small  structures  for  agricultural  purposes. 

66.  In  the  afternoon  we  visited  the  NIIOSP  experimental  station 
where  we  were  met  by  V.  G.  Taranov,  Chief  of  the  Laboratory.  Unfortu- 
nately, it  began  to  rain  quite  heavily  as  we  arrived  at  the  site. 

Taranov  noted  that  the  site  was  set  up  in  1972  to  conduct  prototype  ex- 
periments on  different  types  of  foundation  materials  and  designs,  with 
particular  emphasis  on  seismic  effects  and  foundations  for  vibrating 
machines.  They  also  conduct  similar  work  at  other  sites  in  USSR 
(Zagorsk,  for  example).  They  perform  tests  and  check  calculations  when 
methods  are  available.  Otherwise,  they  develop  new  procedures.  They 
have  conducted  many  tests  with  tapered  (pj-ramidal)  piles,  3 to  5 m long. 
They  registered  increased  bearing  capacity  for  same  volume  of  concrete 
over  rectangular  uniform  piles.  They  have  no  soil  testing  facilities. 

They  also  perform  pile  tests  on  Jobsites.  They  have  often  tested 
groups  of  three  and  four  piles,  maximum  static  load  of  100  T.  They  have 
also  performed  vibratory  tests  (simple  harmonic  motion)  and  have  tested 
piles  to  failure.  They  have  recently  completed  a study  wherein  they  in- 
duced realistic  seismic  effects  by  using  combinations  of  explosives  at 
various  lateral  distances  and  depths.  Due  to  the  heavy  rainfall  and 
lack  of  time,  we  were  not  able  to  visit  the  field  installation. 

6T.  In  the  evening  we  flew  back  to  Moscow.  Professor  Harr  pre- 
sented a lecture  on  "Reliability  of  Soil  Structures"  at  NIIOSP  in  Moscow 
to  about  100  people  on  5 July;  Mr.  K.  I.  Suslova  translated.  Professor 
Harr  left  Moscow  on  6 July. 

68.  Mr.  Sherman  reviewed  results  of  study  tour  with  representa- 
tives of  NIIOSP  on  7 July  and  signed  official  memorandum,  summarizing 
results  of  study  tour.  He  left  for  Tokyo,  Japan,  on  7 July.  The  memo- 
randum (in  English  and  Russian)  is  shown  in  Appendix  A. 

Japan 

69.  Mr.  Sherman  met  Professor  M.  Mikasa,  Osaka  City  University, 
who  has  been  conducting  centrifuge  tests  since  1966.  His  equipment  and 
program  are  described  in  the  technical  literature  and  involved  tests  for 
both  basic  .research  emd  practical  design  works.  He  recently  increased  the 


23 


rotational  radius  of  his  centrifuge  from  1 to  1.55  m,  and  the  con- 
tainer enlarged  to  50  x 30  x i6.5  cm.  Samples  with  weights  up  to 
200  g can  be  tested  in  swinging  buckets.  Water  tanks  are  provided  on 
the  buckets  to  permit  water  loadings  on  the  models.  Professor  Mikasa 
considers  centrifuge  model  testing  to  be  a reliable  and  effective  means 
for  investigating  practical  problems  of  slope  stability  and  bearing 
capacity.  There  was  no  opportunity  to  visit  Professor  Mikasa 's  centri- 
fuge; however,  he  suggested  a visit  to  the  centrifuge  at  the  Tokyo 
Institute  of  Technology  which  had  a more  advanced  model  of  his 
centrifuge. 

TO.  The  centrifuge  at  the  Tokyo  Institute  of  Technology  is  oper- 
ated under  the  direction  of  Professor  T.  Kimura.  It  is  used  primarily 
for  research  by  graduate  students.  It  has  a diameter  of  1 m and 
handles  two  swinging  buckets  of  relatively  small  size.  Research  on  con- 
solidation of  clays  has  been  performed,  although  most  tests  have  been 
with  dry  sand.  Unusual  features  include  a device  for  conducting  in- 
flight bearing  capacity  tests  with  small  footings,  dual  arms  with  pro- 
visions for  tilting  the  specimen  to  simulate  a horizontal  loading  for 
earthquake  conditions,  and  radiographic  equipment  for  monitoring  devel- 
opment of  internal  deformations  and  slip  surfaces.  The  instrumentation 
and  recording  equipment  appeared  to  be  well  designed  and  apparently  give 
excellent  results.  Some  of  the  techniques  could  profitably  be  consid- 
ered for  application  to  future  centrifuge  construction  in  the  U.  S. 

Recommendations 

71.  There  is,  at  the  present  time,  no  large  centrifuge  for  geo- 
technical studies  in  the  U.  S.  This  is  a very  serious  shortcoming.  Ex- 
periences in  Western  Europe,  Russia,  and  Japan  have  demonstrated  the 
applicability  of  such  devices  to  provide  information  as  to  the  perform- 
ance of  soil  structures  at  phenomenological  as  well  as  quantitative 
levels.  Many  problems  facing  the  U.  S.  Corps  of  Engineers  are  amenable 
to  this  approach;  for  example,  the  liquefaction  of  Mississippi  River 
banks,  the  stability  of  new  and  existing  dams  under  seismic  loading,  etc. 
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72.  In  France  and  in  Russia  designs  are  being  developed  for  the 
next  generation  of  centrifuges.  Their  value  is  beyond  question.  It  is 
the  opinion  of  the  writers  that  a concerted  effort  should  be  made  to 
ameliorate  the  present  situation  and  provide  centrifugal  testing  capabil- 
ities in  the  U.  S. 

73.  Future  technical  exchange  visits  under  the  U.  S./USSR  Joint 
Working  Group  10.05  shoxild  include  visits  by  U.  S.  specialists  to  insti- 
tutions in  the  USSR  with  large  centrifuges.  A visit  of  two  months  to 
work  with  the  centrifuges  at  Hydroproject  Institute  in  Moscow  and  the 
AzNIISM  Institute  in  Baku  would  be  exceedingly  profitable. 
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APPENDIX  A:  MEMORANDUM 


1.  In  conformity  with  the  agreed  programme  of  scientific-technical 
co-operation  and  the  resolutions  adopted  at  the  Second  meeting  of  the 
Joint  USSR-USA  Working  Group  10.05  "Building  for  Extreme  Climates  and 
Unusual  Geological  Conditions"  (Protocol,  signed  on  April  28th,  1977) 
there  was  received  on  the  equivalent  exchange  terras  (the  principle  "re- 
ceiving side  pays")  at  NIIOSP,  Gosstroi  USSR,  a group  of  U.  S.  experts, 
namely: 

a.  Mr.  W.  C.  Sherman  - Supervisory  Civil  Engineer,  the  U.  S. 

Army  Engineer  Waterways  Experiment 

Station. 

b.  Mr.  M.  E.  Harr  - Professor,  School  of  Civil  Engineering, 

Purdue  University. 

2.  Within  the  period  from  June  19  up  to  July  8,  1977  the  U.  S.  ex- 
perts visited  Moscow  and  took  part  in  a study  tour  to  Baku  of  the  Azer- 
baidjan  SSR,  Erevan  of  the  Armenian  SSR,  Tbilisi  of  the  Georgian  SSR  6ind 
Kishinev  of  the  Moldavian  SSR. 

3.  Itinerary  for  the  group  of  the  U.  S.  experts  is  given  in 
Appendix  1. 

The  purpose  of  the  U.  S.  expert  trip  was  to  become  familiar 
with  various  design  methods,  based  on  utilization  of  the  centrifuge  mod- 
eling method,  and  also  with  the  practice  of  pile  foundation,  engineering 
under  different  geological  conditions. 

5.  During  their  stay  in  the  USSR  the  U.  S.  specialists  had  all 
the  opportunities  to  become  familiar  with  problems  which  are  as  follows: 

a.  Centrifugal  modeling  techniques,  used  for  investigations  of 
bearing  capacity  of  footing  foundations  for  industrial  and 
hydrotechnical  constructions  (NIIOSP,  Institute  "Hydropro- 
Ject",  Moscow). 

b.  Centrifuge  modeling  studies  concerning  the  seismic  stabil- 
ity of  structures,  erected  under  various  geological  condi- 
tions in  the Azerbaidjan  SSR  (AzNIICM  after  Badashev,  Baku). 

£.  Investigations  in  the  field  of  geology,  structural  geology, 
soil  mechanics,  rheology  and  vibrocreep  of  soils  (Geologi- 
cal Institute,  Academy  of  Sciences  ArmSSR,  Erevan). 
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d.  Techniques  for  lowering  ground  water  table  and  hydroisola- 
tion  for  foundation  parts  of  structures  (ArmNIIS,  Erevan). 

e.  Techniques  for  construction  of  multistory  dwellings  on  weak 
soils,  their  stability  testing,  and  also  methods  for  study- 
ing friction  pile  behaviour  (IRM&S  Academy  of  Science 
Georgian  SSR,  Tbilisi). 

£.  Calculcation  methods,  field  and  model  investigation  of  hy- 
drotechnical  structures  (Georgian  NIIEGS,  Tbilisi). 

£.  Techniques  for  improving  the  engineering  properties  of  sub- 
siding and  expansive  soils  as  foundations  used  in  construc- 
tion of  rural,  industrial  and  dwelling  structures  under 
various  geological  conditions  of  the  Moldavian  SSR  (Moldgi- 
prostroy,  Kishinev). 

Design  and  construction  techniques  for  building  18-20 
stores  administrative  and  dwellings  in  the  city  of  Kishinev 
(Minseljstroy  Mold.  SSR,  Minstroy  Mold.  SSR). 

3^.  Investigations  of  various  pile  designs  for  geological  con- 
ditions of  the  Moldavian  SSR  (NIIOSP  Experiment  Station, 
Kishinev) . 

6.  During  their  study  tour  the  U.  S.  specialists  had  opportunities 
to  meet  with  responsible  members  of  the  staff  of  the  State  Building 
Committees  of  the  above-said  Union  Republics  and  to  discuss  problems  of 
mutual  interest. 

7.  The  list  of  Soviet  participants  in  these  meetings  is  presented 
in  Appendix  2. 

8.  The  U.  S.  experts  also  were  given  all  the  opportunities  to 
familiarize  themselves  in  detail  with  the  history,  culture  and  art  of 
the  peoples  in  the  Caucasus  and  Moldavia  and  to  visit  architectural  mon- 
uments , historical  places  and  Museums  pertaining  to  the  folk  arts  in 
Baku,  Erevan,  Tbilisi  and  Kishinev. 

9.  The  U.  S.  experts  expressed  their  deep  satisfaction  with  the 
results  of  the  study  tour  euid  also  expressed  their  gratefulness  to  the 
Soviet  Side  for  the  excellent  emd  well-organized  preparations  for  their 
visit  in  the  USSR. 

10.  The  present  memorandum  is  written  both  in  Russian  and  in  Eng- 
lish languages. 

11.  Each  aide  will  have  one  copy  of  the  Russian  and  English  texts 
of  the  Memoreindum. 

A2 




12.  Signed  in  Moscow,  USSR,  on  6 July  1977  in  Russian  and  English, 
both  texts  equally  authentic. 


For  the  American  Side 

u . t-  — i 


Mr.  W.  C.  Sherman,  Jr., 

Supervisory  Civil  Engineer 

U.  S.  Army  Engineer  Waterways 

Experiment  Station 

Member  of  the  U.  S.  side  of  the 

Joint  USA-U3SR  Working  Group 

10.05 


For  the  Soviet  Side 


G.  V.  Porkhaev, 

Professor,  Dr.  Sc.  Deputy 
Chairman  of  the  USSR  side 
of  the  Joint  USSR-USA 
Working  Group  10.05 


USA 


USSR 


APPENDIX  ] : SCHEDULE  OF  VISIT  OF  TWO  U.  S.  SPECIALISTS 
(MR.  SHERMAN  AND  PROFESSOR  HARR)  TO  THE  USSR 
FOR  THE  PERIOD  19  JUNE-8  JULY  1977 
THE  USSR-USA  WORKING  GROUP  10.05 


Day  ; 

Date : 
1977: 

Departure : 

Arrival : 

Flight : 

N : 

Daily  Programme 

1 

2 

3 

1* 

5 

6 

Sun. 

VI- 19 

London 

Moscow 

SU-581 

Meeting  at  the  airport 

"Schereraetjevo" , Visiting 
the  U.  S.  Embassy  in  Mos- 
cow. Hotel  accommodation 
Free  time. 

Mon. 

VI -20 

Mos  cow 

Visiting  NIIOSP.  Meeting 

with  Deputy  Co-Chairman 
of  the  USSR-USA  Working 
Group  10.05.  Coordina- 
tion of  the  schedule  of 
visit.  Familiarization 
with  Soil  Dynamics  Labo- 
ratory, Centrifugal  Mod- 
elling Laboratory  and  Ex- 
perimental Station. 

Tues.  VI-20  Moscow  Visiting  Institute  "Funda- 

raentproject" , Familiari- 
zation with  designing  and 
testing  methods  for  pile 
foiindations.  Visiting 
Institute  "Hydroproject". 
Familiarization  with  Cen- 
trifugal Modelling  Labora- 
tory. Discussions  with 
the  Lab.  staff. 


Wed.  VI-22  Moscow  Baku 


Thu.  VI-23  Baku 


Fri . VI-21*  Baku 


SU-861  Wheels  up  for  the  Azerbai- 
jan SSR.  Meeting  at  the 
Baku  Airport.  Hotel  ac- 
commodation. Sight- 
seeing about  the  city.' 

Visiting  Gosstroi  Az.  SSR. 
Visiting  Engineer  Re- 
search Institute  Familiar- 
ization with  Bases  and 
Foundations  Lab.  Discus- 
sions with  Lab.  staff. 

Visiting  Projects  completed 
and  under  construction. 
Cultural  outing. 
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Day  : 

Date : 

1?7T: 

Departure : 

Arrival : 

Flight : 

N : 

Daily  Programme 

1 

2 

3 

U 

5 

(5 

Sat. 

VI-25 

Baku 

Erevan 

SU-66I45 

Wheels  up  for  the  Armenian 
SSR.  Meeting  at  the 
Erivan  Airport.  Hotel  ac- 
commodation. Sight- 
seeing about  the  city. 

Sun. 

VI-26 

Erevan 

Visiting  the  Razdan  hydro- 
power  complex.  Cultural 
outing. 

Mon. 

VI-27 

Erevan 

Visiting  the  Erevan  State 
University,  Institute  of 
Mechanics  of  the  AS  Arm. 
SSR  Familiarization  with 
the  studies  in  Soil  Me- 
chanics, Soil  Rheology, 
Soil  Vibro-Creep  and 

Slope  Dynamics. 

Tues. 

VI-28 

Erevan 

Visiting  Projects  completed 
and  under  construction. 

Wed. 

VI-29 

Erevan 

Tbilisi 

E-21 

Wheels  up  for  the  Georgian 
SSR.  Meeting  at  the 
Tbilisi  Airport.  Hotel 
ac  coramodat i on . 

Thu. 

VI- 30 

Tbilisi 

Visiting  Gosstroi  GRRS. 
Visiting  the  Georgian 
Polytechnical  Institute. 
Familiarization  with  stu- 
dies in  Soil  Mechanics 
and  Soil  Dynamics. 

Fri. 

VII-1 

Tbilisi 

Visiting  projects  under 
construction. 

Sat. 

VII-2 

Tbilisi 

Sight-seeing  about  the  city 
Cultural  outing. 

Sun. 

i 

VII-3 

Tbilisi 

Kishinev 

SU-7726 

Wheels  up  for  the  ‘lodavian 
SSR.  Meeting  at  the 
Kishinev  Airport.  Hotel 
accommodation.  Sight- 
seeing about  the  city. 
Cultureil  outing. 

Mon. 

VII-4 

Kishinev 

Visiting  Gosstroi  Mold.  SSR 
Visiting  NIIOSP  Seismic 
Experimental  Station. 
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Day  : 

Date : 
1977: 

Departure : 

Arrival ; 

Flight: 

N : 

Daily  Programme 

1 

2 

3 

5 

6 

Kishinev 

Moscow 

SU-1750 

Wheels  up  for  Moscow.  Meet- 
ing at  the  Airport 
"Vnukovo"  Hotel  accommo- 
dation. 

Tues. 

VII-5 

Moscow 

Visiting  NIIOSP.  Lecture 
by  Prof.  Harr. 

Wed. 

VII-6 

Moscow 

London 

12:00 

& • in  • 

Departure  of  Prof.  Harr  for 
London,  England. 

Moscow 

Mr.  Sherman's  visit  to 

NIIOSP  Final  negotiations. 

Thu. 

VII-7 

Moscow 

Visiting  NIIOSP.  Signing 
of  Protocol. 

Fri. 

VII-8 

Moscow 

Tokyo 

Subject 

to 

defi- 

nition 

Departure  of  Mr.  Sherman 
for  Tokyo,  Japan. 

APPENDIX  2:  LIST  OF  THE  SOVIET  PARTICIPANTS 
IN  THE  MEETINGS 


1. 

Porkhaev,  G.  V. 

Professor,  Deputy  Chairman  of  the  Soviet 
part  of  the  joint  USSR-USA  Working  Group 
10.05. 

2. 

Izmailov,  Ya.  P. 

Chairman  of  Gosstroi  Azerbaijan  SSR. 

3. 

Agaguseinov,  R.  Ya. 

Deputy  Chairman  of  Gosstroi  Azerbaijan 
SSR. 

1*. 

Musabekov,  F.  Z. 

Director  of  AzNIISM  after  Dadashev. 

5. 

Aliev,  G.  A. 

Chief  Laboratory  AzNIISM  after  Dadashev. 

6. 

Rzaev,  S.  A. 

Chief  GlavBakstroya. 

7. 

Agababyan,  G.  G. 

Chairman  of  Gosstroi  Armenian  SSR. 

8. 

Badalyan,  R.  A. 

Director  of  ArmNIISA. 

9. 

Hachiyan,  E.  E. 

Chief  Laboratory  ArmNIISA. 

10. 

Aryutyunyan,  R.  N. 

Chief  Laboratory  ArmNIISA. 

11. 

Ter-Stepanyan,  G.  I. 

Chief  Laboratory,  Geological  Institute, 
Academy  of  Sciences,  ArmSSR. 

12. 

Tsitsishvili , I.  N. 

Chairman  of  Gosstroi  Georgian  SSR. 

13. 

Kutateladze,  T.  K. 

Deputy  Chairman  of  Gosstroi  Georgian  SSR. 

lU. 

Chkuaseli , N.  P. 

Chief  branch  Gosstroi  Georgian  SSR. 

15. 

DJabua,  Sh.  A. 

Vice-director  ISMIS  Ac.  Sc.  Georgian  SSR. 

l6. 

Kareselidze,  N.  B. 

Vice-director  Georg.  NIIEGS 

17. 

Gogichadze,  G.  D. 

Manager  of  building  trust  Minstroya 

Georg.  SSR. 

18. 

Lintvso’ov,  0.  K. 

Deputy  Chairman  of  Gosstroi  Moldav.  SSR. 

19. 

Shipko,  P.  G. 

Chief  engineer  institute  "Moldgiprostroi" 

20. 

Fisher,  N.  S. 

Chief  of  technical  branch  institute 
"Moldgiprostroi" . 

21. 

Tareuiov,  V.  G. 

Chief  of  NIIOSP  experimental  station 
Kishinev. 

22. 

Sadovskii,  A.  V. 

Secretary  of  the  Soviet  part  of  the  joint 
USSR-USA  Working  Group  10.05. 

23. 

Vasilevskii,  A.  A. 

Chief  Engineer  NIIOSP 

2k, 

Suslova,  E.  I. 

Interpreter. 
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IIAJvlflTHAfl  3AIIHCKA 


B cooTBeTCTBHH  c corjiacoBaHHoK  nporpaMC'yjoii  HayHHO-TexHU- 
MecKoro  coTpy;ViMHecTBa  h peiueHanivui  BTopoK  BCTpenM  coBMecTHofi 
coseTCKO-aMepHKaHCKoii  PadoMett  rpyrnni  10.05  "CTpoHTejcbCTBO  b 
pafioHax  CO  cjioatHHi^  reojiorMMecKHMn  m KJOiMaTiPiecKHMH  yc^ioBUHMii" 
(IlpoTOKoji  OT  28  anpejiH  I977r.),  HMOCII  PoccTpofl  CCCP  npimaji 
Ha  ycjioBHHX  desBajDOTHoro  BKBmajieHTHoro  odMena  (npiomnn  "npHHM- 
MaJomaH  CTopoHa  njiaraT")  rpynny  awepuKaHCKHX  BKcnepTOB  b cocTaBe 

1,  r-H  y.K.UlepviaH  - HHxeHep-HHcneKTop  OKcnepiiMeHTajiLHoli 

CTanmoi  bojdchhx  nyTefi  Apwirai  ClllA, 

2.  r-H  M.E.Xapp  - Ilpo^eccop  Bucmelt  uikojih  rpajKAaHCKoro 

cTpoMTejEbCTBa,  IlepflBWccKHfl  yHHBepciiTeT. 

B nepMoa  c 19  hwhh  no  8 mkuw  I977r.  aiviepHKancKHe  cneimajmc- 
TU  noceTHjiM  r.MoGKBy  m coBepuwjiH  osnaKOMHTejiBHyB  noesflKy  b 
r.Eaxy  AaepdaftjlwaHCKoll  CCP,  r.EpeBan  AjxAHHCKoft  CCP,  r.TdiijracM 
rpysHHCKoii  CCP  H r.KHmMHeB  MoJwaBCKott  CCP. 

nporpaiviMa  npeduBaiWH  rpynnu  a/^epuKancKia  aKcneproB  npHBO- 
AHTCH  B IIpHJIOXeHHH  I, 

UeJiB  noesAKM  aMepHxaHCKHX  BKcnepTOB  saiuiiOHajiacB  b osHanoM- 
JieHHH  C MBTOJiaMH  npoeKTHpOBaHHH , OCHOBaHHUX  Ha  HCnOJEbSOBaHKH 
peayjibTaTOB  ueHTpoderaoro  MOflejotpoBaniw,  a xaioice  npaKTHKoii 
coBOTCKoro  ^^yHaaMeHTocTpoeHHH  B paa/DiHHHX  reojioriwecKia  yc- 

JIOBHHX. 

3a  BpeMH  npedHBaHHH  b CCCP  awepiiKaHCKHM  cneuMajmcTaM  dwjia 
npejiocTaBJieHa  bobmojkhoctI)  osHaKOMHTtcH  co  caiejayrcoiHMM  Bonpoca- 
mh: 

- MOTOAaMM  ueHTpodexHoro  Moj^ejmpoBaHHa,  npHneHaeMUMM 
Hccjie;ioBaHnfl  Hecymeft  cnocodHocTH  ocHOBaHHfl  ^yHflaweHTOB  npo- 
iiiunuieHHUx  h rHflpoTexHiwecKMX  coopyxeHHfl  (HMMOdl.MHCTHTyr  "Fim- 
ponpoeKT",  r.MocKBa); 


- MOAeJIBHbUVM  HCCJiej^OBaHlIfDAM  C nO'.TOtKbK)  HeHTpM$yrH  npOHHOCTM 
HaAsetmux  KOHCTpyxmiJt  rpaswaHCKMX  coopyjieHMii,  BosBOflHMiDC  c yne- 
TOM  reo/iorH'iecKia  ycJiOBioi  AaepdaiUlRaHCKoiJ  CCP  (AaHMMCM  m.Mjia- 
meBa,  r.Baxy); 

- MCCJieAOBaHMaMH  B OdJiaCTM  reOJIOrUM.TeKTOHMKM,  MexaHHKH, 
peojiorHH  H BHCponojiaynecTM  rpyHTos  (HncTHTyT  reojiornH  AH  Apmhhc- 
Koit  CCP,  r.EpeDaH); 

- MBTOJiaMM  nOHHXeHHH  ypOBHH  rpyHTOBUX  BOJl  M rimpOMSOJUmUM 
$yHAaMeHTHOii  'jacTH  coopyKeHiill  (ApNiHMHC,  r.EpeBan); 

- MeTOAaMH  cTpoMTejibCTBa  MHoroaTauKHHx  MiiMix  SAaHHii  Ha  cjia- 
dux  rpyHTax,  rac  HcnuTaHiiH  na  ycToKnuBOCTb , a TaioKe  MeTOAaMH  hc- 
cjieAOBaHMH  padoTH  BHCOTHX  CBa0  (MCiulHC  AH  I^yaiiHCKoii  CCP.r.Tdu- 
jwch); 

- MeTOAaMH  pacaeTa,  MOAejiBHUMM  h noAeBbovtM  HccjieAOBaHMHMH 
rMApoTexHMHecKHX  coopyxeHMft  (rpya.HMMSPC,  r.TdHjmcH); 

- cnocodai4H  yAyHineHHH  CTpoHTeJtbHHX  cboKctb  npocaAOHHiix  h 
HadyxaiouBix  rpyHTOB,  a TawRe  npuMeHaeiviuMH  TnnaMH  $yHAaMeHTOB 
CeJDbCKOXOSHKcTBeHHHX,  npOMblliUieHHliX  H XHAHX  OdieKTOB  JUUI  TeOJIO- 
rmecKWC  ycAOBHft  MojiAaBCKOii  CCP  (MoAATHnpocTpoii.r.KHiniiHeB) ; 

- MeTOAaiVM  npOeKTHpOBaHHH  H BOSBeAeHMH  I8-20-3Ta»HHX  od- 
uiecTBeHHux  H xjvna  SAaHHft  b r.KnuiHHeBe  (MuHcejiLCTpoft  MCCP, 
t^HHCTpoft  MCCP); 

- HCCAeAOBaHHHMH  paSJIHMHUX  THHOB  CBail  B reoAorHHecKHx  yo^o- 
BHKX  MoAAaBCKofl  CCP  OKcnepHMeHTBJiBHaH  cTaHiBW  HMMOCn.r.KraiiHHeB). 

Bo  BpeMA  osHaKOMHTejBbHoft  noesAKH  aMepHKaHCKHe  cneunajiHCTu 
HMeJIH  B03M0KH0CTB  BCTpeTHTbCfl  C OTBeTCTBeHHUMM  HpeACTaBHTeAHMM 
rOCyAapCTBCHHUX  KOMMTeTOB  HO  ABJiaM  CTpOHTeABCTBa  HaSBaHHHX  COK)3- 
HHX  pecnydAHK  H OdMeHHTBCH  MHeHKHMH  HO  BOOpoCaM,  npeACTaBAfl*X«MIvf 
BaaHiAiult  HHTepec. 
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ClUICOK  y^aCTHHKOB  BCTpeq  OT  COBeTCKOii  CTOpOHU  npiEBOflMTCH  B 
n^HJIOKeHHH  2. 

ArviepMKaHCKMM  BKcnepTaivi  TaKxe  fiana  npej^ocTaBJieHa  bosmojc- 
HOCTB  nO^podHO  OBHaKOMlCTLCfl  C MCTOpWeii,  KyJTbTypoit  H MCKyCCT- 
BOM  HapoAOB  KaBKaaa  m MojmaBUM;  apxnTeKTypHUMH  naMHTHUKar^M , 
MCTopMMecKHMM  MecTarim  h i^yaeiD^w  nprauiaOToro  HCKyccTBa  b rr. 
BaKy,EpeBaHe,T(5njiMCH  m KraunHeBe. 

Ai-iepuKaHCKwe  axcnepTu  Bupaamni  nojmoe  yj^oBJieTBopeHHe  pe- 
3yJIbTaTa^/M  cBoefl  noesjtKii  m BupasHjm  rjiydoKyio  npH3HaTeja>H0CTi> 
CoBeTCKoii  cTopoHe  sa  xopomyio  h cojuepaaTejiBHyio  opraHwsamoo  hx 
npeOuBaHMH  b CCCP. 

HacTOBiuaa  naMHTHaa  saimcKa  cocTasjieHa  na  pyccKOM  u ajir- 
.uriicKOM  aauKax.  Kauswaa  CTopona  (SyjieT  ni.ieTB  no  oflHoi^y  sKseimjuj^ 
pyccKoro  m aHr.)DiiicKoro  tckctob  narJWTHoii  sanncKii. 

IToOTHcaHO  B r.MocKBJ,  CCCP,  6-ro  mna  I977r.  na  pyccKOM 
/ aHrjn^ftcKcavi  H3UKax,cx5a  TexcTa  nneHTimiH. 

Or  Ai.iepHKaHCKofl  CTopom 
LU  . C . — . 

y.K.DEPiiiAH 

Jlnxenep-MHcneKTop  3Kcnepm4eH 
TajibHoU  cTamiMM  BOfljnoc  nyTefl 
ApMMH  CUIA 

'IneH  AwepnKaHCKoft  aacTM  cob- 
MecTHofl  dUA-CCCP  Pa(5oMeii 
rpynnu  10.05 

C lU  A 


Ot  COBeTCKOft  CropoHH 


r.B.nOPXAEB 

ITpoyeccop,  410KT0P  TexHHM.nayK 
SaiJiecTMTejTb  IlpejiceflaTejiH  Cob- 
eTCKOii  MaCTH  COBI^eCTHOft 
CCCP-CmA  PafioneK  PpynnH  10.05 
CCCP 
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I 


ITpKjioaceHHe  I 


nPOrPAi^MA 

iipeduBaHHH  B CCCP  aMepracaHCKiDC  cnemiajiMCTOB 
r-Ha  B.K.lilepviana  h npcxf).  M.E.Xappa,  npimuMa- 
er&a  no  jimhmh  pafioneii  rpynnu  10.05  b nepnoji 
c 19  moHH  no  8 inojiH  I977r. 


Jlara 


19  raoHH 
BOCKpeceHbe 


20  raoHH 
noHe^ejibHiiK 


21  MIOHfl 
BTOpHMK 


22  moHH 
cpejia 


23  HIORH 
'leTBepr 


24  fflOHH 
naTHima 

25  loaHH 
cy<3(5oTa 

26  IDOHfl 
BOCKpeceHBe 

27  raoHH 
noHesejtbHMK 


28  imm 
BTOpHiW 

29  VDOHH 
cpeAa 


MeponpiuiTMe  h mbcto  npoBej^ennH 


IlpnduTMe  B MocKBy,  BCTpena  b aaponopTy 
UiepeMCTbeBO.  IloceineHne  nocojihCTBa  Cm.. 
PasMemeHHe  b rocTnnnue.  Ot^jx. 

IlocemeHHe  HMMOCn,  oanaKoiAneHMe  c JiaCopa- 
Topiiell  wmaJ.iMKii  rpynTOB , 3KcnepHi.ieHTa.ra>  - 
HUM  KOpnyCOM,  C yCTaHOBKOft  UeHTpofieXHO  - 
ro  MOAejmpoBaHHfl 

IlocemeHMe  FITM  "^yHjraMeHTnpoeKT" 
OsHaKOM^ieHMe  c MeTOAaivni  npoeKTHpoBaHwa 
M MCnUTaHHH  CSaflHHX  ^lyHJiaMeHTOB. 

noceuieHHe  HMC  PiwponpoeKTa.  OsHaKoiAnemie 
c MeTOfla^4H  ueHTpooesmoro  Mo;iejiiipoBaHHH. 

BujieT  B r.BaKv  aBwapeiicoM  861  (11.35  aac) 
IIpHCJHTHe  B r.baKy,  pasMemeHne  b rocTHHHue, 
BHaKOMCTBO  C POpOflOM. 

nocemeHHe  PoccTpoH  AsCCP.  IIocemeHHe  MHxe- 
HepHo-cTpoMTejiBHoro  MHCTHTyra.  03HaKor4jie- 
Hue  c paOoTaMH  Ka$e;npu  "OcHOBaHwa  h $yH  - 
flaMeHTu" . 


nocemeHMe  CTpoHTeaLHux  odteKTOB. 

BujieT  B r.EpeBaH  aBMapeKcoM  6645  (II.30Hac) 
IIpiKjHTHe  B r.EpeBaH,  pasr.iemeHHe  b rocTmmxe 

OcMOTp  TiwpoBJieKTpocTaHmiH  Pasj^aHCKoro 
KacKajoa . 

IIocemeHHe  EpeBancKoro  rocynapcTBeHHoro 
yHHBepcMTeTa  h HHCTMTyra  MexanuKH  AH  ApMCCP 
OsHaKotAAeHHe  c HccjiejtOBaHiiHi.m  b oCjiacTM  mc- 
xamocM,  peojiorMM  h BMdponoJiayMecTM  rpyHTOB. 
H AHHaMHKH  CIUIOHOB. 

IIocemeHHe  CTpoHTeaiHHX  owieKTOB , osHaKOAwe- 
HMe  c ropoflOM 

BujieT  B r.TfiMaMCH  aBwapeiicoM  E-2I  (15.40) 
npaOuTMe  B r.TOHjnicH.pasMemeHMe  b rocTHHnne 


I 

2 

30  WOHH 

MGTBepr 

nocemenne  PoccTpofl  TpyaCCP.  riocemeHne 
rpysBHCKoro  nojmTexHifqecKoro  wHCTHTyTa 
HM.B.l^.JIeHMHa.  OsHaKOiAneHHe  c HccJiejio- 
BaHHHMlI  B odJiaCTH  TeXHHKH  rpyHTOB , OCHO- 
BaHMii  H $yHj,aMeHTOB. 

I MKJIH 
iiHTHvma 

OcMOTp  CTpOMTejEbHHX  OdieKTOB 

2 H30JIH 
cyddora 

TdHJiMCM.  SHaKOMCTBo  c ropo^oM.  Ot^ux 

3 MKUIH 
BocKpeceHte 

BujieT  B r.KmiiHHeB  aBwapeficoM  7726. 

(7.20)  npHduTMe  B r.KMmuHeB,  ycxpoii- 

CTBO  B rOCTMHime.  OCMOTp  Topofla. 

4 laojifl 
noHejie^EbHiiK 

riocemeHne  PoccTpoH  Moji^CCP,o3HaKoivuieHne 
c ceficMonojDiroHOM  HMMOCn. 

BbuieT  B MocKBy  aBuapewcoM  750. 

HpMduTue  B MocKBy,  pasMemeHiie  b rocTumme. 

5 MKULT 

BTOpHKK 

JleKmiH  npoij).  Xappa  b Hl'EHOCn. 

6 IWAH 
cpe^a 

BajieT  npo<|).  Xappa  b JIotooh  (12  aac.) 
OsHaKoivuieHne  r-na  UlepMaHa  c MockbdK. 

7 raojiH 

MBTBepr 

nocemenne  HMOCII,  cor;iacoBaHne  h noArm- 
caHHe  IlpoTOKOJia. 

CBodoAHoe  BpeiviH. 

8 UKUW 
riHTHHija 

BfcmeT  r-aa  UlepMaaa  b t.Tokho. 

(Bper/ia  peKca  yToaHaeTca) 

npinoKeime  2 


CIBICOK 

y^aCTHUKOB  BCTpen  OT  COBCTCKOH  CTOpOHU 

1.  nOPXAIB  r.B.  - ripocpeccop,  SaMecTHTejEb  npe;ice;;aTevnH 

CoBeTCKOH  HaCTH  COBMeCTHOM  CCCP-ClilA 
Padoaeii  PpyiinH  10.05. 

2.  I'aviAl’UIOB  H.n.  - npe;ice;iaTejrb  PoccTpoH  AaepfiaiijUKaHCKoii  COP. 

3.  ATAiyCEiHOU  P.fl.  - SawecTHTejiB  npe;;ce;naTejiH  PoccTpofl  Aaep- 

daiiffxisJiCKoS  COP. 


4.  WCABEKOB  $.3. 

5.  AJBIEB  r.A. 


6.  P3AEB  C.A. 

7.  ATABAEflH  P.P. 

8.  BAHAJlHH  P.A. 

9.  XAHiWi  3.E. 

10.  APyTKHHH  P.H. 

11.  TEP-CTEnAHBH  P.M. 


12.  ummnBMJin  m.h. 

13.  KJTATEJIAUSE  T.K. 

14.  ’-CaACEJIM  H.II. 

15.  J'iMS/A  1J].A. 

16.  KAPECEJIMI13E  H.B. 

17.  POPtWAUSE  P.^. 

18.  MHTBAPOB  O.K. 

19.  IIMITKO  n.P. 

20.  iWllEP  H.C. 

21.  TAPAHOB  B.P. 


22.  CAHOBCKMii  A.B. 

23.  BACmiEBCKMii  A. A. 

24.  cyCAOBA  E.M. 


- JiiipeKTop  AaepdaiwaHCKoro  HMMCM  ni>i.HaAa- 
mesa. 

- SaBeAyiomKii  Jia(5oDaTopHeii  Aa.HUMCM  hm. 
HajiaiueBa 

HaaajrbHHK  PjiaBdaKCTpoH 

- npejDtce;iaTe;Eb  PoccTpoa  AombhckoM  COP. 

- JinpeKTop  ApwiffilHCA. 

- SaBeflyioupct  jia(5opaTop.:eii  ApiviHMCA. 

- 3aBeayiO[i{iifi  jiadoparopiieii  AprviHMMCA. 

- SaBermoapdi  JiadopaTopneB  llHCTMTVTa  reo;io- 
THM  AH  ApiklCP 

- npejiceflaTejiL  PoccTpoH  PpysuHCKoii  COP. 

- 3ai.iecTHTejii>  npeflcej,aTejifi  PoccTpoH 
PpysiiHCKoii  COP. 

- 3aBejynomMH  OTjiejioM  PoccTpoa  PpysHHCKoii  COP 

- BaMecTiiTe.cb  jpipeKTopa  HCivImC  AH  PpyaCCP 

- SaMepTMTejiB  jyipeKTopa  PpysIDIHSPC 

- HaHa.irbHMK  Tpecva  i/liincTpoH  PpysCCP. 

- SaMecTKTejEb  HpejicejiaTejui  PoccrpoH 
MojpiaBCKow  CCP 

- PjiaBHuii  iinKenep  HHCTHTyTa  "i.loJwrHnpocTpoii" 

- HaMajiBHKK  TexHiwecKoro  oTAejia  wHCTHTyra 
"IvlOJIATMIipOC  Tpoii " 

- SaBeAywmnii  OKcnepiiMeHTajiBHoii  CTaiiUHeii 
HHHOCII,  r.KiuuiiHeB. 

- CcKpeTapB  CoBeTCKoU  MacT/  cMeuiaHnoii 
CCCP-CliiA  PadOMeJi  I^yiiira  10.05. 

- CTapmwil  mi^eHep  IMHOCH 

- iiepeBOAHiiHa. 


